










































































Table 5. 

Fields 

30 

Average concentration of nutrients for two soil depths on 
Fields 1 and 2.a 

1 (dry) 2 (wet) 

Soil depth (cm) 0-2 8-12 0-2 8-12 

Ele:rrents - - - - -
_......,. ____ 

ppm - - - - - - - - - -

p 479.99 358.30 539.60 443.46 

K 230.18 80 .. 6 375 .. 10** 164.76** 

Ca 3841..63 4130.60 3694 .. 33 4865 .. 85** 

Mg 449.84 741..79 578.95** 709e4l 

Al 3221..55** 1854.53 1953 .. 53 2649 .. 85** 

Fe 2905.20 1585 .. 93 2457.78 2852 .. 85** 

Na 28.29 43.19** 49.97** 29.49 

Mn 43 .. 19 23 .. 37 38 45 30. 77** 

Zn 29 .. 60 17 .. 65 32 87 32 88** 

Cu 3.55 2.25 4 22 4.89 

B 7.81 4.25 7.61 8.93** 

Pb 52 .. 35** 5 .. 52 37 .. 51 19.99** 

Ni 3.03 1..22 2.51 2.44** 

Cr 3.17 1..60 2. 77 2.81 

Cd 0 .. 815 0.230** 

....... - - - - - - - percent - - - - - - - - - - - -

N Ll5 0.988 L79** 1..22** 

a values joined by a line are not significantly different at a = 0 .. 01.. 

** Indicates significantly higher (a = 0.01) than value for other field 
at the same depth. 
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(1977) observed that bog vegetation will take advantage of nutrients in 

the peat wherever possible.. The major impedirrent to this process, 

according to Stanek, would be waterlogging, although the other extreme 

(desiccation) is also a formidable obstacle. 

For some levels of production, the study areas have definite nutrient 

deficiencies.. Fertilization 'W'Ould be required for tree production according 

to the results reported by Stanek (1977).. The concern here, however, is 

not necessarily tree production, but rather the reestablishment of natural 

vegetation on the bare peat surface. Consequently, it does not seem that 

the inability of Field 1 to revegetate can be attributed to a paucity of 

nutrients.. In fact, as mentioned earlier, the abundance of certain ele

ments (Mn, Al, Pb) particularly in the surface, may be inhibiting growth 

(Table 5) • Al though Field 1 is not severely bereft of nutrients (according 

to Stanek 1977) in conparison to Field 2, it has significantly lower con

centrations of certain irrportant elem:mts (Table 5) .. The dynamic process 

of peat fonnation continues on Field 2, while Field 1 seems trapped in a 

static, nonproductive state.. Any type of nutrient cycling on Field 1 is 

probably m.inirnal, due to the lack of vegetation .. 

pH 

Sampling for peat pH was acconplished on both Fields 1 and 2, the 

Ditch Banks, and Control. The pH of the dry field was lower than the 

wet field (Table 6) .. 
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Table 6.. Mean pH for two soil depths on :Field 1, Field 2, Ditch Banks, 
and Control .. 

Soil depth (cm) 

0-2 

8-12 

Field 1 
(dry) 

3 .. 53 

3.69 

Field 2 
(wet) 

4 .. 69 

4 .. 80 

Ditch Banks Control 

4 .. 02 3 .. 68 

3.47 3.46 

It has been reported that soil acidity increases after drainage of 

peatlands and that a permanently saturated condition produces relatively 

higher pH values (Pearsall 1938). The effects of d.D_1ing and the attendant 

increases in surf ace oxidation are both causes for a lowering of pH 

(Pearsall 1938).. In light of this, the differences between the various 

sarrpling sites are not remarkable in tenns of inhibiting or encouraging 

growth. 

Field 2 is consistently rrore basic :::: 0 .. 01) than the other sarcpling 

areas probably because of its very wet condition.. The ditch banks on 

Field 1 were also rrore basic at the surface than either Field 1 or the 

Control.. A lOiN pH alone cannot be used to explain why Field 1 remains 

bare.. Indeed, the control area has pH values that are conparable to or 

lower than the same levels on Field 1.. Malterer et al.. (1979) reported 

that pH values for 61 raised bogs in northern Minnesota ranged from 

2 .. 8-4 .. 5 in the upper layers, which is comparable with the values measured 

in this study .. 
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However, the effects that low pH has on nutrient availability cannot 

be overlooked (Figure 2) • As m:mtioned earlier, low pH can cause an 

abundance of aluminum ions, which can inhibit the uptake of phosphorous. 

Also, the sirrple presence of aluninum and other toxic ions can be detri

mental .. 

Redox Potential 

~asurement of red.ox potential was conducted in both fields and the 

Control area.. A saturated calorrel electrode was used.. Potential values 

(Ei) were corrected to a pH of 5. 0 by adding 58 mV for each unit of pH 

above 5 .. 0 or reducing for pH values below 5 .. 0 (Pearsall 1938). 

Any measurement of redox potential taken under natural field condi

tions represents only a quasi-equilibrium and not a true equilibrium 

because of the dynamic biological processes.. Additional problems of 

instability occur because the concentrations of oxidizing and reducing 

substances that control the potential are so low that the potential is 

sensitive to even very minor disturbances.. Because of the i.mknown systems 

involved in natural soil redox processes, the potentials measured in the 

field are to be regarded as an indication of the intensity of reduction 

and oxidation reactions .. 

The red.ox potential of the dry field was much higher than the wet 

field (Table 7) .. Pearsall (1938) in an early study of red.ox potential in 

various soil conplexes stated that soils (mineral or organic) below an E
5 

of 320 millivolts are terned reducing because of the presence of ferrous 

iron and the absence of nitrates. Conversely potentials above 320 



34 

Table 7. Mean red.ox potentials and their ranges measured on Fields 1 
and 2 and Control .. 

Redox potential (mV) 
Area Range (Eh) Mean (Eh) Mean ES 

Field 1 (dry) 432 - 848 796 807 

Field 2 (wet) -86 - 70 -17 2 

Control 665 - 874 764 854 

millivolts indicate oxidation.. In an example of a disturbed peatland, 

Pearsall noted that high acidity, partial drying, and ._. . ., ..... ~ of the 

original are all closely related.. Pearsall suggests a pH of 

about 4 .. 5 a weakly oxidizing or reducing environment represents 

optimum conditions for accumulation of Sphagnwn peat.. Actual conditions 

on Field 2 are rrore reducing than this optimum but nonetheless are rrore 

appropriate states t.hat 

oxidation and t.i.1!a t 

drainage of these soils will cause a replacement of water air "Which 

results in a higher hydrogen ion concentration (pH) and a red.ox potential 

increase .. 

All of these conditions are occurring on Field 1 as a result of 

drainage. Coincidentally the conditions existing on the Control are 

very similar to those found on Field 1 in tenns of pH and redox potential. 

Given this, it appears that the removal of all vegetation on Field 1 

results in conditions unfavorable for reestablishment but not necessarily 

for growth. Another factor to take into consideration is that red.ox 
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measurement on the Control is difficult because the reference electrode 

is inserted in peat that is highly fibric and has large air spaces. 

DISCUSSION 

It is apparent from the results of this study that several physical 

and chemical differences exist between the two study fields.. Most 

striking, of course, are the disparities in the arrounts of water held in 

the peat and as represented by the ground-water depths.. The results of 

many of the other rreasurerrents can be attributed to the effects of ditching 

and sustained depression of the ground-water level on Field 1 .. 

There remain a few puzzling relationships, though, that must be dis

cussed.. The phenomenon of the well-vegetated Ditch Banks is one which 

requires additional e:xploration. The trees (Picea mariana_, Betula 

papyrifera) on the Ditch Banks were detennined to have become established 

about the time that the area was drained and stripped of vegetation .. 

There are many possible reasons why trees and other plants are growing 

on the Ditch Banks, and perhaps a combination of these reasons provides 

the best explanation.. The proximity of this area to the water in the 

ditches may have provided soITE additional moisture necessary for estab

lishrrent.. The closer proximity to a seed source may also be favorable to 

early establishrrent.. Another possibility is that because the peat was 

scooped from lower layers and piled along the banks, the processes of 

COI:rpaction and subsidence were hindered.. In addition, the seasonal 

fluctation of ground-water levels on the Ditch Banks averaged between 
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about 10-25 cm in contrast to an average seasonal fluctuation of 36 an 

in the middle of Field 1.. Ufude (1969) concluded that root penetration 

in peat soils correlates positively with depth to ground-water level and 

distance from the drainage ditch.. He found that the greater the distance 

from the ditch, the thinner the soil layer in which living root systems 

are found because the water table is closer to the surface near the middle 

of a drained field.. In reference to the aerobic limit, reported 

that the greater the depth to this limit during the growing season, the 

larger the volu:ne of produced.. Since the ground-water level is 

deepest bel<JW" the Ditch Banks it can be assumed that the aerobic limit 

is deeper than the aerobic limit in the middle of the field, although 

measurerrents for this were not taken" Finally, as the middle of Field 1 

the Ditch Banks were allowed to naturally revegetate, 

and the increasing shading probably provided a good environment for 

additional plant establishment and growth. 

The similarity between the pH and redox potentials measured on Field 

1 and the Control warrant additional discussion with reference to the 

aerobic l.irni.t.. Lahde (1971) reported results on a study of three peat

land types including treeless bogs f pine bogs I and spruce swarrps e He 

found that the aerobic limit closely follO\ved the ground water level with 

the fo:r:rrer usually found 5-15 cm above the latter.. Again, the aerobic 

limit was not specifically determined in the present study, but it can, 

with reasonable assurity, be ass'l.IDEd that it is considerably higher on 

Field l than on the Control.. While it is true that the ground water 
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level on Field 1 was at times in excess of 40 cm in depth, the lowering 

of the ground water table does not always result in a lowering of the 

of the aerobic limit (Lfillde 1969). A rise in the ground-water table, 

however, is closely followed by a rise in the aerobic limit. Furthenrore, 

it has been shown that the aerobic limit nore closely follows the ground

water level "'7hen the latter is rising and is nore slow to fall as the 

ground-water level falls (LJ1hde 1969). Drainage of Field 1 has resulted 

in conpaction and probably the fonnation of a slowly permeable surface 

layer and decreasing infiltration, which will tend to limit downward 

movement of water.. The Control can be assumed to have a deeper aerobic 

limit simply because of the presence of extensive root systems .. 

The ash content and bulk density results need further discussion as 

well.. The distribution of elements in peat profiles are nore dependent 

on biotic factors than on chemical or physical factors (Sillanpaa 1972). 

This is obvious in that peat, in a natural state, is continuously growing 

in depth due to an accumulation of plant materials in early stages of 

decornposi tion.. Sillanpaa studied the distribution of trace elements in 

two peat profiles and found that ash content and the presence of certain 

elements increased with depth.. An accumulation of minerals on the surface, 

hOW"ever, was also noted and attributed to the activities of the most 

recent generations of plants.. Sillanpaa postulates that the trace elements 

in the profile originated in the mineral soil substrate which underlies 

the peat.. As plants grew and decayed, elements were lifted first from the 

mineral soil and subsequently from the peat itself.. F.ach generation of 
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plants would derive nutrients from below and upon dying cause an accumula-

tion of minerals to be drawn upon by successive generations. 

elements are translocated up,vard through the peat profile. 

In this way 

As peat 

accumulates and depth to the mineral soil increases, plant roots are no 

longer in contact with the mineral substrate and continued growth becomes 

dependent on the nutrients found in the peat. Each additional plant 

community will therefore have a smaller reserve of nutrients to draw 

upon as the peat layer thick.ens As a result, the content of trace 

elements will become less as peat accumulation Sillanpaa 

(1972) cites an extrerre case of this process in Sphagnum bogs 

which are decidedly deficient in all nutrients.. This theory ignores 

atnospheric sources of nutrients .. 

Relating Sillanpaa's theory of translocation of elements upward 

through the peat profile to this study it is necessary to viav a cross 

section of the two fields in question (Figure 10) .. It appears that Field 

2 was mined to a deeper degree than Field 1 and therefore, it can be 

expected that the first plants appearing on Field 2 would be able to draw 

on a greater proportion of minerals because of the greater depth into the 

profile.. More minerals would be translocated upward resulting in the 

relatively high ash content figures for both surface and subsurface 

layers.. In contrast, Field 1 was not mined as deeply and therefore "While 

the surface has an ash content corrparable to that on the surf ace of Field 

2, the soil in 8-12 cm depth shows significantly less mineral content 

than the soil of the saxre depth on Field 2.. The high ash content on the 
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surface of Field 1 can be attributed to higher oxidation and mineraliza

tion of the peat than in Field 2.. Bulk density is higher on Field 1 

because of the effects of drainage on the peat structure., Well -documented 

research throughout Europe and Canada have shown that drainage of peat

lands has the following physical effects: 

1. decrease in perrreability (fevver rnacropores in proportion 

to micropores) 

2. increase in bulk density 

3. increased consolidation of peat soil 

4. increase in subsidence 

These processes are caused by an oxidation of organic matter, shrinkage 

of the top soil due to drying, and compaction of subsoil due to a loss 

of buoyancy .. 

The subject of red.ox potential also warrants some final corrrnents .. 

Haavisto (1974) determined that large rainfall events affect redox poten

tial making soil conditions nnre reducing.. Figure 11 depicts the relation 

between red.ox potential throughout the smrmer and precipitation and depth 

to the ground-vvater level.. It is obvious that, as Haavisto theorized, 

rainfall on dry peatlands causes greater changes in red.ox potential and 

consequently may affect greater changes in the chemical balance of the 

peat.. The precipitation events occurring at the end of August and early 

September resulted in an abrupt and drastic drop in redox potential on 

Field L The potential on Field 2 was not affected nearly as much.. On 

the Control, the redox potential was essentially unaffected by the rainfall. 
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Exactly how such a rapid change from an oxidizing condition to a reducing 

condition may deleteriously affect grOiNth conditions on Field 1 is uncer

tain except for the possibility of changes in the ionic balance of the 

peat that may be detrimental to plant development .. 

SUMMARY 

Several di.ff erences in the physical and chemical characteristics of 

the bare and revegetated mined fields were observed.. The bare field had 

a higher buJk density and a lower moisture content, water table level /1 pH, 

and concentration of plant nutrients than the revegetated Sphagnwn fields 

Red.ox ]?Otential measurerrents indicate that the bare field is under oxi

dizing conditions whereas the revegetated field is under highly reducing 

conditions.. The ash content of the peat was similar beU..Veen fields and 

not different from other Minnesota peatlands .. 

The differences between the bare and vegetated fields for bulk 

density pH, nutrients, and red.ox potential are not considered sufficient 

to prevent but may retard plant germination and growth. The maximum 

surface tenperature of the bare peat of 46°C is high but not considered 

lethal to plants or su£ficient to inhibit ge:rmination. 

However, the differences in soil moisture are pronounced.. The 

moisture content (O .. D .. W .. } at the surface of the bare peat was only eight 

percent, whereas the surface of the revegetated peat contained 159 percent 

rnoisture.. Drainage by ditching of the bare field has resulted in much 

lower water table levels in the peat than in the revegetated field where 
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water tables \vere near or above the peat surface.. The lack of adequate 

rroisture is likely the factor limiting revegetation. 

'Ib enhance revegetation of mined peatlands, it is recorrm::mded that 

drainage ditches be plugged or filled to raise water table levels and 

increase the available rroisture at the surface of the peat. 

ACKNOWLEDGEMENTS 

The study described in this report was funded by the Minnesota 

Department of Natural Resources, Division of Minerals, Peat Program .. 

Peat Program personnel who assisted in various ways with the project 

include Dennis G .. Asmussen, Norman E .. Aaseng, and John C .. Clausen .. 

The assistance of John Clausen in field instrurrentation and in his 

critical review of the report are especially appreciated .. 

We would like to thank Alvin R .. Hallgren, Coordinator, for use of 

the Cloquet Forestry Center facilities and the Center personnel for 

assistance .. 

We "WOuld also like to express our appreciation to Edwin H .. 'White 

for the initial project proposal, Clifford J. 1\varoski for cooperation 

and assistance in field data collection, and Clifford E .. Ahlgren for the 

use of equipment .. 





45 

LITERATURE CITED 

Boelter, D .. H. 1966.. Important physical properties of peat materials .. 
Proc .. Third Int' 1.. Peat Congr. Quebec, Canada. 1:150-154 .. 

Brady, N .. C.. 1974.. The nature and properties of soils.. 8th edition .. 
MacMillan, New York.. 639 pp. 

Brown, J .. M.. 1973.. Effect of overstory rerroval on production of shrubs 
and sedge in a northern Minnesota bog.. J .. Minn .. Acad. Sci.. 38 (2&3) : 
96-97 .. 

Brown, J.. M.. 1976. Peat temperature regime of a Minnesota bog and the 
effect of canopy rerroval. J.. Appl.. Ecology 13: 189-194. 

BrUne, F.. 1948. Die Praxis der Moor-und Heidekultur. (The practice of 
peat and heath cultivation) .. Parey, Hamburg. 

Burrows, w .. and T. C. Cordon.. 1936. The influence of the decomposition 
of organic matter on the oxidation-reduction potential of soils. 
Soil Science 42:1-10. 

Haavisto / V. F. 197 4.. Effects of a heavy rainfall on redox potential 
and acidity of a waterlogged peat. Can. J. Soil Sci.. 54:133-135 .. 

Ivitskii, A .. I. 1962.. Maximum and optimum no:rms of bog drainage. 
Gidrotekhnika i Melioratsiya 12:33-42. Translated from Russian by 
Israel Program for Scientific Translations. 1968.. Jerusalem. 

Jeglum, J. K.. 1971. 
at Candle Lake. 

Plant indicators of pH and water level in peatlands 
Saskatchewan. Can .. J. Bot .. 49(2) :1661-1676. 

Kivinen, E. and P .. Pakariner1.. 1980.. Peatland areas and the proportion 
of virgin peatlands in different countries.. Summaries of Papers, 
Sixth Int' 1. Peat Congr.. Duluth, Minnesota .. 

Kokholm, G. (undated) Redox measurements: their theory and technique. 
2nd revised edition. Radiometer .A/S. Copenhagen. 28 pp. 

uthde, E.. 1969. Biological activity in some natural and drained peat 
soils with special reference to oxidation-reduction conditions .. 
Acta For. Fenn. 94;1-69~ 

Ufude, E.. 1971.. On anaerobic. conditions in various virgin peat soils 
and the significance of the aerobic limit as an indicator of site 
quality,. Silva Fenn. 5 Cl) ;36-48 .. 



46 

Levitt, J. 1972. Responses of plants to environrnent stresses. Academic 
Press, New York. 697 pp. 

Lishtvan, L 1976. New recognition of chemical properties of peat: 
General Report to the Session VIII. Proc. Fifth Int' 1. Peat Congr .. 
Poznan, Poland. 5:141-162. 

Malmstrtm, C.. 1956. Om :rroj ligheterna att omf5ra mynnark till produkti v 
skogsroark. (The possibilities of converting peatlands into productive 
forests) • S~tryk ur Beten Vallar :Mossar, 9: 1-8. 

Malterer, T. J., D. J. Olson, D. R .. Mellern, B. Leuelling, and E. J. Tome. 
1979. Sphagnum rross peat deposits in Minnesota.. Minnesota Department 
of Natural Resources, Division of Minerals, Peat Inventory Project. 
Hibbing, Minnesota. 44 pp. 

Nesterenko, I. M. 1976. Subsidence and wearing out of peat soils as a 
result of reclamation and agricultural utilization of marshlands. 
Proc. Fifth Int' 1. Peat Congr. Poznan, Poland. 1:218-232. 

Olkowski, M. and L. Olkowski. 1976. Changes of peat bogs environment of 
north eastern Poland as a result of human intervention. Proc.. Fifth 
Int'l. Peat Congr. Poznan, Poland. 1:183-190. 

Pearsall, W. H. 1938.. The soil conplex in relation to plant corrmuni ties: 
I. Oxidation-reduction potential of soils, II .. Characteristic wood
land soils, III. :Moorlands and bogs.. J. Ecology 26:180-193, 194-205, 
298-315. 

Pierce, R. S. 1953. Oxidation-reduction potential and specific conductance 
of ground water: their influence on natural forest distribution. 
Proc. Soil Sci. Soc. Amer.. 17: 61-65. 

Platonov, G. M. 1976 (1967) • The shift of bog vegetation under the in
fluence of drying. Pp. 129-140 (in) Interrelation of forest and 
bog (N. I. P 'yavchenko, ed.) . Translated from Russian and published 
for USDA For. Serv. by Amerind Publ.. Co. , New Delhi. 17 3 pp. 

Sillanpaa, M.. 1972. Distribution of trace elerrents in peat profiles .. 
Proc. Fourth Int'l. Peat Congr. Otaniemi, Finland. Pp .. 185-191. 

Skoropanov, S. G. 1961. Reclamation and cultivation of peat-bog soils. 
Izdatel 'stvo Akademii Sel 'skokhozyaistrennykh Nauk B. S. s. R. Minsk. 
Translated from Russian by Israel Program for Scientific Translations. 
1968. Jerusalem. 234 pp. 

Small, E.. 1972.. Ecological significance of four critical elerrents in 
plants of raised sphagnum peat bogs. Ecology 53(3) :498-503. 



47 

Stanek, W.. 1977.. Ontario clay belt peatlands--are they suitable for 
forest drainage? Can. J .. For. Res. 7:656-665. 

Waksman, S .. A .. and K .. R. Stevens.. 1929.. Contribution to the chemical 
corrposition of peat: 1.. Chemical nature of organic oomplexes in 
peat and rrethods of analysis.. Soil Sci. 26 :113-137 .. 

Walmsley, M. E. 1977. Physical and chemical properties of peat.. Pp .. 
82-129 (in) Mliskeg and the northern environment in Canadao University 
Toronto Press, Toronto. 399 pp. 

Wilde, S .. A. 1958. 
silviculture. 

Forest soils: their properties and relation to 
Ronald Press, New York. 537 pp. 



··t ....... 

1-• 


